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PROBLEM TO BE SOLVED: To provide a 
semiconductor device with improved reliability and 
device characteristics having a protecting insulating 
film and manufacturing method thereof, by improving «. 
the flatness and reducing the interlayer capacity. 
SOLUTION: A semiconductor comprises a 
semiconductor substrate 1 1, a plurality of wiring 
regions LI, L2 formed on the semiconductor 
substrate 11, and a protecting insulating film PL 
formed on the wiring region located in the uppermost 
layer from between the wiring regions L1, L2. The 
protecting insulating film PL comprises a first silicon 
oxide film 80, a second silicon oxide film 82 formed on 
the first silicon oxide film 80 and formed by 
polycondensation reaction between a silicon 
compound and hydrogen peroxide, and a silicon nitride 
film 86 constituting the uppermost layer. 
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CLAIMS 



[Claim(s)] 

[Claim l] The protection insulator layer formed on 
the wiring field located in the best layer of two or 
more wiring fields formed on the semiconductor 
substrate containing an element and the 
aforementioned semiconductor substrate and 
these wiring fields is included. The 
aforementioned protection insulator layer is a 
semiconductor device containing the 2nd silicon 
oxide which was formed on the 1st silicon oxide 
and the 1st silicon oxide of the above, and was 
formed of the polycondensation reaction of a 
silicon compound and a hydrogen peroxide, and 
the silicon nitride which constitutes the best layer. 
IClaim 2] The semiconductor device which has the 
3rd porous silicon oxide on the 2nd silicon oxide of 
the above further in a claim 1. 
[Claim 3] The 1st silicon oxide of the above is a 
semiconductor device whoso thickness is 
50-500nm in a claim 1 or a claim 2. 
[Claim 4] The 2nd silicon oxide of the above is a 
semiconductor device which lias the thickness 
with which the concavo-convex best side where 
thickness is constituted in either a claim 1 or the 
claim 3 by the 1st silicon oxirie of the above is 
covered. 

[Claim 5] The aforementioned silicon nitride is a 
semiconductor device whose thickness is 
300-1500nm in either a claim 1 or the claim 4. 
[Claim 6] The process which is the manufacture 
method of the semiconductor device containing the 
protection insulator layer formed on the wiring 
field located in the best layer of t wo or more wiring 
fields formed on the semiconductor substrate 
containing an element and the aforementioned 
semiconductor substrate anil these wiring fields, 
and forms the aforementioned protection insulator 
layer is the manufacture method of the 
semiconductor device which contains following 
process (a) - (d) at least. 

(a) The process which at least one sort of a silicon 
compound and the compound containing oxygen 
and oxygen is made to react by the 
chemical-vapor-deposition method, and forms the 
1st silicon oxide, the process winch the (b) silicon 
compound and a hydrogen peroxide are made to 
react by the chemical-vapor-deposition method, 
and forms the 2nd silicon oxide, the process which 
performs annealing processing at (c)35O500 
degree C temperature, and the process which 
forms (d) silicon nitride. 

[Claim 7] The manufacture method of a 
semiconductor device including the process (e) 
which the compound containing at least one sort 
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and impurity of the compound containing a silicon 
compound, oxygen, and oxygen is made to react by 
the chemical vapor -deposition method, and forms 
the 3rd porous silicon oxide after the 
aforementioned process (b) in a claim 6. 
[Claim 8] the silicon compound used at the 
aforementioned process (b) in a claim 6 or a claim 
7 - a mono silane, a disilane, and SiH2 -- the 
manufacture method of the semiconductor device 
which is at least one sort chosen from organic 
silane compounds, such as inorganic silane 
compounds, such as C12, SiF4, and CH3SiH3, and 
a TORIPURO pill silane, and a tctrapod ethoxy 
silane 

[Claim 9] The aforementioned process (b) is the 
manufacture method of the semiconductor device 
which the aforementioned silicon compound is an 
inorganic silane compound in either a claim 6 or 
the claim 8, and is performed by the reduced 
pressure chemical-vapor-deposition method under 
0-20-degree C temperature conditions. 
[Claim 10] The aforementioned process (b) is the 
manufacture method of the semiconductor device 
which the aforementioned silicon compound is an 
organic silane compound in either a claim 6 or the 
claim 8, and is performed by the reduced pressure 
chemical-vapor-deposition method under 
100* 150- degree C temperature conditions. 
[Claim 1 lj It is the manufacture method of a 
semiconductor device that the aforementioned 
process (a) is performed by the plasma-chemistry 
vapor growth under 300-500-degree C 
temperature conditions in either a claim 6 or the 
claim 10. 

[Claim 12] The silicon compound used at the 
aforementioned process (a) in either a claim 6 or 
the claim 11 is the manufacture method of the 
semiconductor device which is an organic silane 
compound. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs) 
Especially this invention relates to the 
semiconductor device which has the protection 
insulator layer formed on the metal wiring which 
turned minutely below into the half micron, and 
its manufacture method about a semiconductor 
device and its manufacture method. 
[0002] 

Background of the Inventionl On the metal wiring 
layer of the best layer of the semiconductor device 
used for LSI etc., in order to prevent the invasion 
of a physical injury and contamination, or 
moisture, the protection insulator layer is formed. 



Generally as a protection insulator layer, the 
silicon nitride which carried out the plasma vapor 
growth, for example at low temperature is used. 
Moreover, what has the laminated structure 
which formed the silicon oxide for stress relief in 
the lower layer of a silicon nitride as a protection 
insulator layer is used. It consists of the silicon 
oxide which was made to carry out the vapor 
growth of a mono silane, oxygen, or the dinitrogen 
oxide, and was formed as a protection insulator 
layer which has such a laminated structure, a 
PSG (phosphorus glass) film which doped Lynn to 
this or an SOG (spin ON glass) film, and a silicon 
nitride which was formed of the plasma-chemistry 
vapor growth using a mono silane, ammonia, or 
nitrogen gas and whose thickness is about I 
micrometer. 

[0003] This protection insulator layer uses a 
photoresist as a mask, and selective etching is 
carried out by dry etching or wet etching, and it 
has opening for constituting the bonding putt 
section for external electrode ejection. 
[0004] By the way, in processing by etching of a 
metal wiring layer, when a semiconductor device 
turns minutely into below submicron one, since 
anisotropy dry etching is adopted, the 
side attachment* wall section of a metal wiring 
layer has an almost perpendicular steep 
inclination. And the silicon oxide and silicon 
nitride which constitute a protection insulator 
layer are attached by the dregs ping, and since the 
surroundings are bad, a void is easy to be formed 
in the specific space of a metal wiring layer. The 
portion of this void serves as a contamination trap. 
Moreover, in the corner of the 
side- attachment- wall section of a metal wiring 
layer, and a slot, since a silicon nitride becomes 
[ the thickness ] very thin compared with a flat 
part, moisture and contamination tend to invade 
from a portion with this thin thickness, and there 
is a problem in respect of reliability over a long 
period of time. 

[0005] Furthermore, in order to raise the working 
speed of a device, reduction of the capacity 
between layers is needed, and at the former, it is 
************ aDOU t cautions to the capacity 
between layers between a metal wiring layer, a 
substrata, or the wiring layer of the vertical 
direction. However, with the structure of a 
protection insulator layer where contribution of a 
lateral capacity between layers becomes large by 
detailed ization of a wiring space, therefore a 
silicon nitride with a high dielectric constant 
exists between the spaces between metal wiring in 
the same layer, a lateral capacity between layers 
has not ignored the point on electrical properties, 
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such as a working speed. 
[0006] 

[Problem(s) to be Solved by the Invention] The 
purpose of this invention is to offer the 
semiconductor device which has the protection 
insulator layer which can contribute to 
improvement in reliability and a device property 
by the improvement of flat nature, and reduction 
of the capacity between layers, and its 
manufacture method, 
[0007] 

[Means for Solving the Problem] The manufacture 
method of the semiconductor device of this 
invention is the manufacture method of the 
semiconductor device containing the protection 
insulator layer formed on the wiring field located 
in the best layer of two or more wiring fields 
formed on the semiconductor substrate containing 
an element, and the aforementioned 
semiconductor substrate, and these wiring fields, 
and the process which forms the aforementioned 
protection insulator layer contains following 
process (a) • (d) at least. 

[0008] (a) The process which at least one sort of a 
silicon compound and the compound containing 
oxygen and oxygen is made to react by the 
chemical-vapor-deposition method, and form6 the 
1st silicon oxide, the process which the (b) silicon 
compound and a hydrogen peroxide are made to 
react by the chemical -vapor-deposition method, 
and forms the 2nd silicon oxide, the process which 
performs annealing processing at (c)«350-500 
degree C temperature, the process which forms (d) 
silicon nitride. 

[0009] According to the manufacture method of 
this semiconductor device, the layer which was 
excellent in flat nature can be formed at low 
temperature by making a silicon compound and a 
hydrogen peroxide react by the 
chemical-vapor-deposition method, and forming 
the 2nd silicon oxide according to a process (b). 
That is, the 2nd silicon oxide formed at this 
process (b) has the self-flattening property of 
having a high fluidity and having excelled in itself. 
If the mechanism makes a silicon compound and a 
hydrogen peroxide react by the 
chemical vapor deposition method, it will be 
considered to be because for a silanol to be formed 
into a gaseous phase, and for a fluid good film to 
be formed when this silanol deposits on a wafer 
front face. 

[001 0] For example, when a mono silane is used as 
a silicon compound, a silanol is formed at the 
reaction shown by the following formula (1), (l)\ 
etc. 

10011] Formula (l) 
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SiH4+2H202 -> Si(OH)4+2H2 formula (l) The 
silanol formed by 'SiH4+3H202 -> Si(OH)4+2H2 
0+H2 and the formula (l), and serves as a 
silicon oxide, when water at the 

polycondensation reaction shown by the following 
formula (2). 
[0012] Formula (2) 

Si (OH)4 > as the Si02+2II20 aforementioned 
silicon compound •- a mono silane, a disilane, and 
SiH2 - organic silane compounds, such as 
inorganic silane compounds, such as C12, SiF4, 
and CH3SiIl3, and a TORIPURO pill silane, and a 
tetrapod cthoxy silane, etc. can be illustrated 
[0013J Moreover, under 0*20*degrec C 
temperature conditions, when the aforementioned 
silicon compound is an inorganic silicon compound, 
when the aforementioned silicon compound is an 
organic silicon compound, it is desirable I the 
membrane formation process of the 
aforementioned process (b) 1 to be carried out by 
the reduced pressure chemical vapor-deposition 
method under 100* 150-degree C temperature 
conditions. If temperature is higher than the 
aforementioned upper limit, when the 
polycondensation reaction of the aforementioned 
formula (2) progresses too much, the 1st silicon 
oxidization membrane fluidity will become low, 
and good flat nature will be hard to be obtained at 
this membrane formation process. Moreover, there 
is unarranging [ to which adsorption of a low and 
the decomposition moisture within a chamber and 
dew condensation out of a chamber occur, and it 
becomes difficult from the aforementioned lower 
limit for membrane formation equipment to 
control temperature ]. 

[00141 As for the 2nd silicon oxide formed at the 
aforementioned process (b), it is desirable to be 
formed by the thickness of the grade which can 
fully cover the level difference of a wafer substrate 
front face, i.e., sufficient thickness to cover the 
best side of the irregularity constituted by the 1st 
silicon oxide located under this 2nd silicon oxide. 
The thickness of the 2nd silicon oxide is 
500 1000ntn preferably, although the lower limit 
is dependent on the height of the irregularity of 
the 1st silicon oxide under the 2nd silicon oxide. 
When the thickness of the 2nd silicon oxide 
exceeds the aforementioned upper limit, a crack 
may be produced for the stress of the film itself. 
[0015] In this invention, before the 
afore mentioned process (b) ( at least one sort of a 
silicon compound and the compound containing 
oxygen and oxygen is made to react by the 
chemical vapor deposition method, and the 1st 
silicon oxide used as a base layer is formed. This 
base layer has from it the passivation function 
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which neither moisture nor an excessive impurity 
moves from the 2nd silicon oxide of the above, and 
the function which raises the adhesion of the 2nd 
silicon oxide in a lower layer. 

[0016] It is desirable to include the process (e) 
which the compound containing at least one sort 
and impurity of the compound containing a silicon 
compound, oxygen, and oxygen is made to react by 
the chemical vapor-deposition method, and forms 
the 3rd porous silicon oxide on the 2nd silicon 
oxide of the above after the aforementioned 
process (b). 

[0017] This 3rd silicon oxide is porosity and it not 
only functions as a cap layer, but can emit 
gradually outside the gas constituents generated 
from the 2nd silicon oxide in annealing processing 
of a next process (c). Furthermore, in addition to 
being porosity, this 3rd silicon oxide can ease the 
stress of this film by weakening the bonding 
strength between SrO molecules of impurities, 
such as Lynn and boron, and the silicon oxide 
which constitutes this film by adding Lynn 
preferably on this film, and can constitute the 
layer which cannot break soft further easily 
moderately so to speak. The concentration of the 
impurity contained in the 3rd silicon oxide is 1 * 
6 % of the weight preferably, when the point of the 
stress relaxation of the film mentioned above is 
taken into consideration. 

10018] Moreover, since the 3rd silicon oxide has 
the compression stress of lOO SOOMFa, in case the 
2nd silicon oxide carries out a polycondensation, it 
has the function to prevent that **** stress 
increases and a crack enters. Furthermore, the 
3rd silicon oxide also has the function to prevent 
moisture absorption of the 2nd silicon oxide. 
10019] As for the aforementioned process (e), it is 
desirable to be carried out under 300 450 degree C 
temperature conditions by the plasma-chemistry 
vapor growth by the RF 1MHz or less. By forming 
membranes on this temperature condition, it 
becomes easy to escape by the annealing initial 
stage by annealing of a process (c) from gas 
constituents, and the reliability of a device 
improves. 

[00201 Moreover, as for the compound containing 
oxygen used at the aforementioned process (e), it 
is desirable that it is a dinitrogen oxide (N20). 
Since the dinitrogen oxide of the plasma state 
tends to react by using a dinitrogen oxide as 
reactant gas with the hydrogen bond (-H) of the 
silicon compound which constitutes the 2nd silicon 
oxide, while forming the 3rd silicon oxide, 
desorption of the gasification component 
(hydrogen, water) of the 2nd silicon oxide can be 
promoted. 



[0021 ] The aforementioned process (e) may be 
performed by the ordinary -pressure 
chemical vapor -deposition method under 
300-500*degree C temperature conditions instead 
of a plasma-chemistry vapor growth. In this case, 
as for the compound containing the 
aforementioned oxygen used at the 
aforementioned process (e), it is desirable that it is 
ozone. 

[0022] Furthermore, before forming the 2nd 
silicon oxide of the above at the aforementioned 
process (e), it is desirable to expose the 2nd silicon 
oxide of the above to ozone atmosphere. Since 
ozone tends to react by passing through this 
process with the hydrogen bond ( H) of a silicon 
compound and the hydroxyl group (OH) which 
constitute the 2nd silicon oxide, the hydrogen in 
the 2nd silicon oxide and desorption of water can 
be promoted. 

[0023] Moreover, the thickness of the 3rd silicon 
oxide is lOOnm or more preferably when the point 
of flat nature and a crack is taken into 
consideration. 

[0024] At the aibremenUoned process (c), by 
performing annealing processing at the 
temperature of 350 500 degrees C, the 2nd and 
3rd silicon oxides formed by the aforementioned 
process (b) and (e) turn precisely and its moisture 
resistance improves in an insulating row. 
[00251 That is, if it sees about the 2nd silicon oxide, 
in the early stages of this annealing processing, 
the polycondensation reaction by the formula (2) 
mentioned above will he completed, water and 
hydrogen which are produced with this reaction 
will be emitted outside through the hole of the 3rd 
silicon oxide, and the 2nd silicon oxide will be 
precisely formed, where a gasification component 
is fully removed. Moreover, the 3rd silicon oxide 
turns into a precise film from porosity by 
annealing processing. 

[0026] In this annealing processing, the 2nd and 
3rd silicon oxides can be made precise enough by 
making temperature into 350 degrees C or more. 
Moreover, if an annealing temperature is 
performed at the temperature exceeding 500 
degrees C, the metal wiring layer which consists of 
a metal or alloys, such as aluminum, will become 
eaRy to receive a heat damage. 
[0027] Moreover, by forming the 3rd porous silicon 
oxide on the 2nd silicon oxide Even if there is a 
rapid temperature change in annealing processing 
at a process (c) like f at t he time of putting a wafer 
directly on the bottom of the temperature of 
350-500 degrees C ], in order for the 3rd silicon 
oxide of the above to have moderate softness and 
to control discharge of rapid moisture, Annealing 
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processing can be performed without producing a 
crack in this 2nd silicon oxide, since the stress of 
the 2nd silicon oxide is absorbable. 
[0028] furthermore, annealing processing of the 
aforementioned process (c) - continuing * a 
process (d) - a chemical-vapor- deposition method 
•• a silicon nitride is preferably formed by the 
plasma chemistry vapor growth This silicon 
nitride has 300-1500nm thickness preferably 
when moisture resistance and resistance to 
contamination are taken into consideration. 
[0029] In the manufacture method concerning this 
invention, flattening is fully attained by the 1st 
silicon oxide and the 2nd silicon oxide. 
Consequently the silicon nitride of the best layer 
is attached, the surroundings are good, there arc 
few the portions and the defects which thickness is 
thin, locally, and moisture resistance and 
resistance to contamination can aim at 
improvement in the reliability as a protective coat 
highly. 

[0030] The semiconductor device formed by the 
above manufacture method The protection 
insulator layer formed on the wiring field located 
in the best layer of two or more wiring fields 
formed on the semiconductor substrate containing 
an element and the aforementioned semiconductor 
substrate and these wiring fields is included. The 
aforementioned protection insulator layer 
contains the 2nd silicon oxide which was formed 
on the 1st silicon oxide and the 1st silicon oxide of 
the above, and was formed of the 
polycondensation reaction of a silicon compound 
and a hydrogen peroxide, and the silicon nitride 
which constitutes the best layer. 
[00311 Since according to this semiconductor 
device the mutual space of the wiring layer which 
it not only has reliability high as a protection 
insulator layer, but adjoins in the metal wiring 
layer of the best layer is filled up with the low 
silicon oxide of a dielectric constant as mentioned 
above, the influence of a silicon nitride with a high 
dielectric constant can be small, and can improve 
a working speed compared with the conventional 
structure. 

[0032] As for the silicon oxide which the silicon 
compound and hydrogen peroxide which are 
formed at the aforementioned process (b) and the 
same process are made to react by the 
chcmical-vapordeposition method, and is 
obtained, in this invention, it is desirable to apply 
also to the flattening layer of the mutual layer 
insulation film of a metal wiring layer at the layer 
insulation film formed on the semiconductor 
substrate containing elements, such as a MOS 
device, and a row. 
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10033] 

[Embodiments of the Invention] Drawing 1 • 
drawing 5 are the outline cross sections for 
explaining the manufacture method of the 
semiconductor device concerning this invention, 
and the form of 1 operation of a semiconductor 
device. Drawing .1 (A) * (C) and drawing 2 (A), and 
(B) show the process for drawing 3 (A), (B) and 
drawing 4 (A), and (B) manufacturing the wiring 
field L2 of the 2nd layer, and drawing 5 
manufacturing the protection insulator layer of 
multilayer structure for the wiring field LI of the 
1st layer. 

[0034] Below, an example of the manufacture 
method of a semiconductor device is shown. 
[0035] (A) Explain the process shown in drawing 1 
(A). 

[0036] (Formation of an element) The MOS device 
is formed in a silicon substrate 11 by the method 
generally used first. Specifically, the field 
insulator layer 12 is formed of selective oxidation 
on a silicon substrate 11, and the gate oxide film 

13 is formed in an active field. The gate electrode 

14 is formed by carrying out the spatter of the 
tungsten silicide on the polysilicon contest film 
into which SiH4 was pyrolyzed and was grown up, 
carrying out the laminating of the silicon oxide 18 
further, and **********j n g to a predetermined 
pattern further by channel pouring, after 
adjusting threshold voltage. At this time, the 
wiring layer 37 which consists of a polysilicon 
contest film and a tungsten silicide film is formed 
on the field insulator layer 12 if needed. 

[0037] Subsequently, the low concentration 
impurity layer 15 of a source field or a drain field 
is formed by carrying out the ion implantation of 
Lynn. Subsequently, after the 

side-attachment- wall spacer 17 which becomes the 
side of the gate electrode 14 from a silicon oxide is 
formed, the high concentration impurity layer 16 
of a source field or a drain field is formed by 
carrying out the ion implantation of the arsenic 
and activating an impurity by annealing 
processing using the halogen lamp. 
[0038] Next, a predetermined silicon-substrate 
field is exposed by forming a vapor-growth silicon 
oxide lOOnm or less, and **********i n g this film 
alternatively with the mixed-water solution of HF 
and NH4F. then •* for example, the 
silicon- substrate front face which carried out 
opening by carrying out the spatter of the 
titanium by about 30 100nm thickness, and 
performing moment annealing for several seconds 
• about 60 seconds at the temperature of 650- 750 
degrees C into the nitrogen atmosphere which 
controlled oxygen to 50 ppm or less •* the 
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monochrome silicide layer of titanium •* a 
silicon oxide 18 top titanium ■• a rich titanium 
night RA1DO (TiN) layer is formed Subsequently, 
if immersed into NH40H and the mixed-water 
solution of 11202, etching removal of the 
aforementioned titanium night RA1DO layer will 
be carried out, and the monochrome silicide layer 
of titanium will remain only in a silicon substrate 
front face. Furthermore, perform 750850-degree 
C lamp annealing, the aforementioned 
monochrome silicide layer is made to form into die 
silicide, and the titanium silicide layer 19 is 
formed in the front face of the high concentration 
impurity layer 16 at a self-adjustment target. 
10039) In addition, when the gate electrode 14 is 
formed only with contest polysilicon and it is made 
to expose by selective etching, both a gate 
electrode, source, and drain field become the 
CHITANSARI side structure separated with the 
side-attachment wall spacer. 

[0040] In addition, the Salicide structure may 
consist of tungsten silicide and molybdenum 
silicide instead of titanium silicide. 
[0041] (B) Next, explain the process shown in 
drawing 1 (B). 

[0042] (Formation of the 1st layer insulation film 
II) The 1st layer insulation film II consists of the 
1st silicon oxide 20, the 2nd silicon oxide 22, the 
3rd silicon oxide 24, and the 4th silicon oxide 26 in 
order of the silicon oxide of four layers, i.e., a lower 
shell. 

[0043] a. **** of the 1st silicon oxide 20 -• the 1st 
silicon oxide 20 of 100200nm of thickness is first 
formed by making a tctrapod ethoxy run (TEGS) 
and oxygen react by the plasma-chemistry 
vapor-growth (CVD) method at 300 500 degrees C 
This silicon oxide 20 does not have oxidization or 
the dregs ping of the silicide layer 19, either, and 
highly [ insulation ], its etch rate to the solution of 
hydrogen fluoride is also rIow, and it turns into a 
precise film from the film grown up from SiH4. 
[0044] Since a oxidizing gas and titanium silicide 
will tend to produce a crack and exfoliation simply 
in response to the early stages of membrane 
formation here if the membrane formation 
temperature at this time is high although the 
direct silicon oxide 20 is made to form on the 
titanium silicide layer 19, as for processing 
temperature, it is preferably desirable to carry out 
at 250-400 degrees O more preferably 600 degrees 
O or less. And if it is annealing and 
vapor-phase-oxidation processing which arc 
exposed to oxidizing atmospheres other than a 
steam after [ which the silicon oxide mentioned 
above in about lOOnm thickness on the titanium 
silicide layer 19 ] being comparatively formed at 
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low temperature, it will not become a problem 
even if it raises temperature to 900-degree-C 
grade. 

[0045] b. Form the 2.5xl02Pa or less of the 2nd 
silicon oxide 22 preferably formation of the 2nd 
silicon oxide 22, next by making SiH4 and H202 
react by CVD by using nitrogen gas as a carrier 
more preferably under reduced pressure of 
0.3x102 to 2.0xl02Pa. The 2nd silicon oxide 22 is 
formed by the thickness which has larger 
thickness than the level difference of the 1st lower 
layer silicon oxide 20 at least, that is, fully covers 
this level difference. Moreover, the upper limit of 
the thickness of the 2nd silicon oxide 22 is set as 
the grade which a crack does not produce in this 
film. Specifically in order to obtain better flat 
nature, as for the thickness of the 2nd silicon 
oxide 22, it is desirable that it is thicker than a 
lower layer level difference, and it is preferably set 
as 300-1000nm. 

[0046] Since it participates in the fluidity at the 
time of membrane formation of this film, 
membrane fluidity will fall if membrane formation 
temperature is high, and the membrane formation 
temperature of the 2nd silicon oxide 22 spoils flat 
nature, 0*20 degrees C of temperature at the time 
of membrane formation are more preferably set as 
0-10 degrees C. 

10047] Moreover, although especially the flow rate 
of H202 is not restricted., it is desirable that it is a 
flow rate more than the double precision of SiH4, 
and it is desirable to be set as the flow rate range 
of 100 - 1000SCCM by gas conversion from 
membranous homogeneity and the point of a 
throughput. 

10048] The 2nd silicon oxide 22 formed at this 
process is in the state of silanol polymer, and a 
fluidity is good and has a high self- flattening 
property. Moreover, since many hydroxyl groups 
(*OH) are included, the 2nd silicon oxide 22 has 
hygroscopicity in a high state. 
10049] c. Put under existence of formation of the 
3rd silicon oxide 24 next SiH4 and PH3, and N20, 
and it is at the temperature of 300 450 degrees C. 
By making gas react by the plasma CVD method 
by 200-600kHz high frequency, the PSG film (the 
3rd silicon oxide) 24 of 100-600nm of thickness is 
formed. As for this 3rd silicon oxide 24, it is 
desirable to be formed after being saved in the 
atmosphere in which the hygroscopicity of the 2nd 
silicon oxide 22 of the above is continuously 
formed in in consideration of a high thing 
following formation of the 2nd silicon oxide 22 of 
the above, or the 2nd silicon oxide 22 does not 
contain moisture. 

[0050] Moreover, the 3rd silicon oxide 24 needs 
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that desorption of gasification components, such 
as water contained in the 2nd silicon oxide 22 of 
the above by the annealing processing performed 
behind and hydrogen, is easy, and to be porous 
(porosity) in consideration of fully being carried 
out. For that purpose, temperature is desirable 
and it is preferably [ more ] desirable f the 3rd 
silicon oxide 24 ] 1MHz or less preferably to form 
membranes by the 200 600kHz plasma CVD 
method more preferably, and to include impurities, 
such as Lynn, 300-400 degrees C 450 degrees C or 
less. By containing such an impurity in the 3rd 
silicon oxide 24, it will be in a more nearly porous 
state and the 3rd silicon oxide 24 not only can ease 
the stress to a film, but can have the gettering 
effect over alkali ion etc. with it. The 
concentration of such an impurity is set up in 
consideration of points, such as the gettering 
effect. For example, when an impurity is Lynn, it 
is desirable to be contained at 2 - 6% of the weight 
of a rate. 

[0051] Moreover, in plasma CVD, desorption of the 
hydrogen bond in the 2nd silicon oxide 22 is 
promoted by using N2Q as a compound containing 
oxygen. Consequently, gasification components, 
such as moisture contained in the 2nd silicon 
oxide 22 and hydrogen, can be removed more 
certainly. 

[0052J In consideration of the role which adjusts 
the thickness of the layer insulation film needed, 
and the function by which N2G plasma is 
desorbed from hydrogen bond, lOOnm or more of 
thickness of this 3rd silicon oxide 24 is more 
preferably set as JOO GOOnm. 

[0053] d. Perform annealing processing at the 
temperature of 600 850 degrees C in annealing 
processing, next nitrogen atmosphere. By this 
annealing processing, the 2nd silicon oxide 22 of 
the above and the 3rd silicon oxide 24 turn 
precisely, and have good insulation and good water 
resistance. That is, by setting an annealing 
temperature as 600 degrees C or more, the 
condensation polymerization reaction of the 
silanol in the 2nd silicon oxide 22 is performed 
nearly completely, and the water and hydrogen 
which are contained in this film are fully emitted, 
and can form a precise film. Moreover, by setting 
an annealing temperature as 850 degrees C or less, 
it cannot have bad influences, such as a punch 
through and junction leak, on the diffusion layer 
of the source field which constitutes an MOS 
transistor, or a drain field, and detailed ization of 
an element can be attained. 

[0054] In annealing processing, in order to make 
small influence of a heat strain to the 2nd silicon 
oxide 22, it is desirable to perform run ping 
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annealing which raises the temperature ol" a wafer 
gradually or continuously. For example, when 
carrying out a temperature up to an annealing 
temperature (600-850 degrees C) after keeping a 
wafer warm at about 400 degrees C, high impurity 
concentration of the 3rd silicon oxide 24 can be 
made quite low. For example, when an impurity is 
Lynn, the getter ing effect of mobile ion is set aside 
and the concentration of Lynn is checking that a 
crack does not arise in the 2nd silicon oxide 22 at 
least 2 or less % of the weight. 
[0055] e. Form the 4th silicon oxide 26 of 
1000-1500nm of thickness by the plasma CVD 
method at 350*400 degrees C using formation, 
next the 4th TEOS and oxygen of a silicon oxide 26. 
[0056] Even when not performing annealing, the 
silicon oxide of the TEOS oxygen using the plasma 
CVD method is of the same grade as the 2nd 
silicon oxide 22 of the above which carried out 
elevated temperature annealing, and the 3rd 
silicon oxide 24, or has a somewhat quick dry 
etching speed. This becomes the factor which 
obtains the contact hole of a good configuration, 
without producing the vena contracta and a level 
difference on the hole side in formation of the 
contact hole mentioned later. 
[0057] (C) Next, explain the process shown in 
drawing 1 (C). 

[0058] (Smoothing by CMP) Subsequently, the 4th 
silicon oxide 26 of the above, and if needed, by the 
chemical machinery-grinding (CMP) method, 
predetermined thickness is ground and the 3rd 
silicon oxide 24 of the above and the 2nd silicon 
oxide 22 are smoothed. And the 2nd silicon oxide 
22 of the above, the 3rd silicon oxide 24, and the 
4th silicon oxide 26 can obtain a flat front face, 
though a part of 3rd silicon oxide 24 or 2nd silicon 
oxide 22 is exposed to a front face with polish, 
since polish speed is almost the same, therefore 
management of the amount of polishes is easy for 
them 

10059] For example, according to research of this 
invention persons, the polish speed of each silicon 
oxide was as follows. 
[0060] 

The 2nd silicon oxide (800 degrees C of annealing 
temperatures) A part for;250nm/ The 3rd silicon 
oxide (800 degrees C of annealing temperatures) A 
part for;250nm/ The 4th silicon oxide (with no 
annealing) ; a part for 250nm/ BPSG film I for 
comparison ] (900 degrees C of annealing 
temperatures).' - the process shown in 350nm a 
part (D) for /next and drawing 2 (A) is explained - 
subsequently (formation of a contact hole) The 
contact hole 32 whose aperture is 0.2 0.5 
micrometers is formed by carrying out anisotropic 
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etching of the silicon oxides 20, 22, 24, and 26 
which constitute the 1st layer insulation film 11 
from a reactant ion etcher which made CHF3 and 
CF4 the main gas alternatively. 
[0061] This contact hole 32 constitutes the shape 
of a taper to which aperture becomes small 
linearly toward a pars basiiaris ossis occipitalis 
from the upper-limit section. Although the angle 
theta of a taper cannot generally be ******( 0 d) 
according to etching conditions etc., it has five - 15 
inclinations, for example. As a reason the through 
hole of the shape of such a taper is obtained, 
silicon oxides 20, 22, 24, and 26 have the 
fundamental almost same etch rate, and the 
interface of each silicon oxide is [ 1st ] further that 
the 2nd silicon oxide 22 has a slightly small etch 
rate compared with the 3rd silicon oxide 24, and 
the 2nd to have stuck very good. Within the 
contact hole 32 of the shape of such a taper, good 
deposition of an aluminum film is possible so that 
it may mention later. 

[0062] The dry etching speed of each silicon oxide 
which invention-inthisapplication persons 
measured below is indicated. Tn addition, dry 
etching was performed on condition that 
power J800W, atmospheric pressureJ20Pa, and 
etchant gas;CF4:CHF3:helium=l -2'd. 
[00G3] 

The 2nd silicon oxide (800 degrees C of annealing 
temperatures) A part for,525nm/ The 3rd silicon 
oxide (800 degrees C of annealing temperatures) A 
part for;550nm/ The 4th silicon oxide (with no 
annealing) A part for;565nm/ The BPSG film for 
comparison (900 degrees C of annealing 
temperatures); the process shown in 750nm a part 
(E) for /next and drawing 2 (B) is explained. 
[0064] (Degasifying processing) ****** which 
includes a degasifying process first - it ****** just 
[0065] By the lamp chamber, lamp heating for 30 • 
60 seconds (heat treatment A) is given at the base 
pressure of 1.5x10 - 4 or less Pa, and the 
temperature of 150 250 degrees C. Subsequently, 
degasifying processing is performed by 
introducing argon gas by another chamber by the 
pressure of 1x10-1 to 15x10 to 1 Pa, and 
performing heat treatment for 30 120 seconds 
(degasifying process; heat treatment B) at the 
temperature of 150 550 degrees C. 
[0066] In this process, the moisture adhering to 
the wafer etc. is removable by mainly 
heat-treating the whole wafer including the rear 
face and the side of a wafer in heat treatment A 
first 

[0067) Furthermore, in heat treatment B, the 
gasification component in the 2nd silicon oxide 22 
which constitutes the 1st layer insulation film ll 
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(H, H20) is mainly removable. Consequently, 
generating of the gasification component from the 
1st layer insulation film 1 1 can be prevented at the 
time of formation of the barrier layer of the 
following process, and an aluminum film. 
10068] The barrier layer 33 is constituted in the 
gestalt of this operation by the multilayer which 
consists of a barrier film which has barrier ability, 
and an electric conduction film. An electric 
conduction film is formed between a barrier film 
and an impurity diffusion layer, in order to raise 
conductivity with the impurity diffusion layer 
formed in the barrier film and the silicon 
substrate, i.e., a source field, and a drain field. As 
a barrier film, the common matter, for example, 
titanium night RAIDO and a titanium tungsten, 
can be used preferably, Moreover, refractory 
metals, such as titanium, cobalt, and a tungsten, 
can be used as an electric conduction film. These 
titanium, cobalt, and a tungsten react with the 
silicon which constitutes a substrate, and serve as 
silicide. 

[0069] Since it dissolves the gasification 
component (O, H, H2 O, N) of dozens atom %, 
before a barrier layer, for example, a TiN film / Ti 
film, forms these films, it is very effective [ film I 
to remove the gasification component in the 1st 
layer insulation film II, when forming the 
aluminum film within a contact hole good. If the 
gasification component in the 1st [ of the low rank 
of a barrier layer ] layer insulation film II is not 
fully removed, at the temperature at the time of 
formation of a barrier layer (usually 300 degrees C 
or more), the gasification component in the 1st 
layer insulation film II will be emitted, and this 
gas will be incorporated in a barrier layer. 
Furthermore; in order that this gas may secede 
from a barrier layer at the time of membrane 
formation of an aluminum film and may come out 
to the interface of a barrier layer and an 
aluminum film, it has a bad influence on the 
adhesion of an aluminum film, or a fluidity. 
[0070] (Membrane formation of a barrier layer) By 
the spatter, as an electric conduction film which 
constitutes the barrier layer 33, a titanium film is 
formed by 20-70nm thickness, and, subsequently a 
TiN film is formed as a barrier film by another 
chamber at 30*150nm thickness. The temperature 
of a spatter is chosen in 200-450 degrees C 
according to thickness. 

1007 lj Next, titanium oxide can be formed in the 
shape of an island into a barrier layer by exposing 
for 10 - 100 seconds into oxygen plasma by the 
pressure of 0.1x102 to 1.5xl02Pa, and carrying 
out annealing processing over 10-60 minutes in 
450 700-degree C nitrogen or hydrogen 
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atmosphere. It is checking that the barrier nature 
of a barrier layer can be raised by this processing. 
[0072] Moreover, 400- 800 -degree C heat treatment 
in the lamp annealing furnace which contains 
hundreds of ppm * several% of oxygen at least can 
also perform this annealing processing, and the 
barrier nature of a barrier layer can be raised 
similarly. 

[0073] In addition, although illustration is not 
carried out, it is the purpose which raises the 
wettability to the aluminum film mentioned later, 
and the WETTKNGU layer which consists of 
titanium, cobalt, silicon, etc. may be formed in the 
front face of the barrier layer 33. The 1st 
aluminum membrane fluidity can be raised by 
preparing such a WETTENGU layer. There should 
just usually be thickness dozens of nm or more of a 
WETTENGU layer. 

[0074] (Degasifying processing before membrane 
formation of an aluminum film, and cooling of a 
wafer) First, before cooling a wafer, heat 
treatment for 30 - 60 seconds (heat treatment C) is 
performed in a lamp chamber at the base pressure 
of 1.5x10 * 4 or less Pa, and the temperature of 
150-250 degrees C, and matter, such as water 
adhering to the substrate, is removed. Then, 
before forming an aluminum film, 100 degrees C 
or less of substrate temperature are preferably 
lowered to ordinary temperature -50 degree C 
temperature. This cooling process is important in 
order to lower the substrate temperature which 
rose with the above-mentioned heat treatment C, 
for example, on the stage which has a water-cooled 
function, lays a wafer and lowers this wafer 
temperature to predetermined temperature. 
(0075] Thus, in case the 1st aluminum film is 
formed by cooling a wafer, the 1st layer insulation 
film II and the barrier layer 33, and capacity 
further emitted from the whole wafer surface can 
be lessened as much as possible. Consequently, the 
influence of gas detrimental to the coverage 
nature and adhesion which stick to the interface of 
the barrier layer 33 and the 1st aluminum film 34 
can be prevented. 

[0076] (Membrane formation of an aluminum film) 
First, it is 30-100 degrees C in temperature more 
preferably, and the aluminum containing 0.2 - 
1.0% of the weight of copper is formed at high 
speed by the spatter by 150-300nm of thickness, 
and 200 degrees C or less of 1st aluminum film 34 
arc formed. Then, it heats in substrate 
temperature of 420- 460 degrees C within the same 
chamber, the aluminum which contains copper 
similarly is formed by the low speed by the spatter, 
and the 2nd aluminum film 35 of 300*600nm of 
thickness is formed. Here, in membrane formation 
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of an aluminum film, although neither membrane 
formation conditions nor the design matter of a 
device manufactured can prescribe "high speed" 
generally, a sputtering rate lOnm [/second J or 
more is meant about, and a "low speed" means a 
sputtering rate 3nm l/second ] or less about. 
[0077] An example of the sputtering system for 
forming the 1st and 2nd aluminum films 34 and 
35 to drawing 6 is shown. This sputtering system 
has the electrode 52 which serves both as the 
target 51 which serves as an electrode in a 
chamber 50, and a stage, and it is constituted so 
that the substrate (wafer) W processed may be 
installed on an electrode 52. The 1st gas supply 
way 53 is connected to a chamber 50, and the 2nd 
gas supply way 54 is connected to the electrode 52. 
Argon gas is supplied from [ each ] the gas supply 
ways 53 and 54. And the temperature of Wafer W 
is controlled by the gas supplied from the 2nd gas 
supply way 54. In addition, the means for 
discharging the gas in a chamber 50 is not 
illustrated. 

[0078] An example which controlled substrate 
temperature using such a sputtering system is 
shown in drawing 7 . In drawing 7 , a horizontal 
axis shows elapsed time and a vertical axis shows 
substrate (wafer) temperature. Moreover, in 
drawing 7 , the line which the line shown with 
Sign a shows the substrate temperature change 
when setting the temperature of the stage 52 of a 
sputtering system as 350 degrees C, and is shown 
with Sign b shows change of the substrate 
temperature when raising the temperature of a 
stage 52 by supplying hot argon gas in a chamber 
through the 2nd gas supply way 54. 
[0079] For example, the temperature control of a 
substrate is performed as follows. First, the 
temperature of a stage 52 is beforehand set as the 
temperature (350*500 degrees C) for forming the 
2nd aluminum film. In case the 1st aluminum film 
is formed, there is no supply of the gas from the 
2nd gas supply way 54, and substrate 
temperature rises gradually by heating by the 
stage 52, as the sign a of drawing 7 shows. By 
supplying the gas heated through the 2nd gas 
supply way 54, in case the 2nd aluminum film is 
formed, substrate temperature rises rapidly and is 
controlled to become fixed at predetermined 
temperature so that the sign b of drawing 7 shows. 
[0080] In the example shown in drawing 7 , stage 
temperature is set as 350 degrees C, while 
substrate temperature is set as 125- 150 degrees C, 
the 1st aluminum film 34 is formed, and 
membrane formation of the 2nd aluminum film 35 
is performed immediately after that. 
10081] In membrane formation of an aluminum 
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film, control of the power impressed to a 
sputtering system with membrane formation 
speed and a substrate temperature control is also 
important. That is, although membrane formation 
speed is related, in case membrane formation of 
the 1st aluminum film 34 is performed by high 
power, the 2nd aluminum film 35 is performed by 
low power and it switches to low power from still 
higher power, it is important not to make power 
into zero, if power is made into zero, an oxide film 
will be formed in the bottom of reduced pressure 
on the front face of the 1st aluminum film, the 
wettability of the 2nd [ to the 1st aluminum film J 
aluminum film will fall, and both adhesion will 
become bad. In other words, by always impressing 
power, supplying activity aluminum to the front 
face of the aluminum film under membrane 
formation can be continued, and formation of an 
oxide film can be suppressed. In addition, 
although the size of power cannot generally be 
specified depending on a sputtering system, 
membrane formation conditions, etc., in the case 
of the temperature conditions shown, for example 
m drawing 7 , it is desirable I a size ] to set 
5-10kW and low power as 300W-lkW for high 
power. 

[0082] Thus, by forming continuously the 1st 
aluminum film 34 and the 2nd aluminum film 35 
withm the same chamber, control of temperature 
and power can be performed strictly and it 
becomes possible to form efficiently the aluminum 
film which is low temperature and was stabilized 
rather than before. 

[0083] The thickness of the aluminum film 34 of 
the above 1st has desirable 200*400nm, for 
example, although the proper range is chosen 
from that a continuation layer can be formed and 
this aluminum film 34 by good step coverage in 
consideration of the ability to suppress discharge 
of the gasification component from the lower layer 
barrier layer 33 and the 1st layer insulation film 
II, Moreover, although the 2nd aluminum film 35 
is determined by the size of a contact hole, its 
aspect ratio, etc., in order for an aspect ratio to fill 
a hole 0.5 micrometers or less about by three, for 
example, 300 1000nm thickness is required for it. 
10084] (Membrane formation of an an tire flection 
film) The antireflection film 36 of 3080nm of 
thickness is formed by depositing TiN by the 
spatter by still more nearly another spatter 
chamber. Then, the deposit which consists of the 
aforementioned barrier layer 33, the 1st 
aluminum film 34, the 2nd aluminum film 35, and 
an antireflection film 36 by the anisotropy dry 
etcher which makes the gas of C12 and BC13 a 
subject is ********** ec j alternatively, and 
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patterning of the 1st metal wiring layer 30 is 
performed. 

[0085] Thus, in the formed metal wiring layer 30, 
it was checked that aluminum is embedded by 
good step coverage, without an aspect ratio 
generating a void in 0.5- 3 in the contact hole 
whose aperture is 0.2 0.8 micrometers. 
[0086] (F) Next, explain the process shown in 
drawing 3 (A). 

[0087] (Formation of the 2nd layer insulation film 
12) The 2nd layer insulation film 12 has the same 
composition as the layer insulation film T1 of the 
above 1st fundamentally. That is, the 2nd layer 
insulation film 12 consists of the 1st silicon oxide 
70, the 2nd silicon oxide 72, the 3rd silicon oxide 
74, and the 4 th silicon oxide 76 in order of the 
silicon oxide of four layers, i.e., a lower shell. And 
these silicon oxides 70, 72, 74, and 76 are formed 
by the same method as the aforementioned silicon 
oxides 20, 22, 24, and 26 except annealing 
processing. Although main portions are explained 
below, a publication is omitted about a common 
matter. 

[0088] a. **** of the 1st silicon oxide 70 *• the 1st 
silicon oxide 70 of 50-200nm of thickness is first 
formed by making a tetrapod ethoxy run (TEOS) 
and oxygen react by the plasma-chemistry 
vapor-growth (CVD) method at 300 500 degrees C 
[0089] b. Form the 2.5xl02Pa or less of the 2nd 
silicon oxide 72 preferably formation of the 2nd 
silicon oxide 72, next by making SilI4 and H202 
react by CVD at the temperature of 0- 10 degrees C 
by using nitrogen gas as a carrier more preferably 
under reduced pressure of 0.3x102 to 2.0xl()2Pa. 
The 2nd silicon oxide 72 is formed by the thickness 
which has larger thickness than the level 
difference of the 1st lower layer silicon oxide 70 at 
least, that is, fully covers this level difference like 
the 2nd silicon oxide 22 of the above. Moreover, 
the upper limit of the thickness of the 2nd silicon 
oxide 72 is set as the grade which a crack does not 
produce in this film. Specifically, in order to obtain 
better flat nature, as for the thickness of the 2nd 
silicon oxide 72, it is desirable that it is thicker 
than a lower layer level difference, and it is 
preferably set as 500-1000nm. 
[0090] 0-20 degrees C of membrane formation 
temperature of the 2nd silicon oxide 72 are more 
preferably set as 0- 1 0 degrees C. 
[009 1] The 2nd silicon oxide 72 formed at this 
process has a high fluidity, and is excellent in a 
flattening property. 

[0092] c. The PSG film (the 3rd silicon oxide) 74 of 
I00"600nm of thickness is formed by making it 
react to the bottom of existence of formation of the 
3rd silicon oxide 74 next SiH4 and PH3, and N20 
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by the plasma CVD method at the temperature of 
300-450 degrees C at 200 600kHz high frequency 
[0093] Moreover, the 3rd silicon oxide 74 needs 
that desorption of gasification components, such 
as water contained in the 2nd silicon oxide 72 of 
the above like the 3rd silicon oxide 24 of the above 
by the annealing processing performed behind, is 
easy and to be porous (porosity) in consideration 
of fully being carried out. For that purpose, 
temperature is desirable and it is preferably 
[ more I desirable [ the 3rd silicon oxide 74 ] 1MHz 
or less preferably to form membranes by the 
200-600kHz RF plasma CVD method more 
preferably, and to contain impurities, such as 
Lynn, 300-400 degrees C 450 degrees C or less. By 
containing such an impurity in the 3rd silicon 
oxide 74, the 3rd silicon oxide 74 will be in a more 
nearly porous state, and can ease the stress to a 
film. The concentration of such an impurity is set 
up in consideration of points, such as stress-proof 
nature and the gettering effect. For example, 
when an impurity is Lynn, it is desirable to be 
contained at 1 - 6% of the weight; of a rate. 
[0094] Moreover, in plasma CVD, desorption of the 
hydrogen bond in the 2nd silicon oxide 72 is 
promoted by using N20 as a compound containing 
oxygen. Consequently, gasification components, 
such as moisture contained in the 2nd silicon 
oxide 72, can be removed more certainly. 
[0095] lOOnm or more of thickness of this 3rd 
silicon oxide 74 is more preferably set as 
200-600nm. 

[0096] d. Perform annealing processing at 
annealing processing, next the temperature of 
350*500 degrees C. By this annealing processing, 
the 2nd silicon oxide 72 of the above and the 3rd 
silicon oxide 74 turn precisely, and have good 
insulation and good water resistance. That is, by 
setting an annealing temperature as 350 degrees 
C or more, the condensation polymerization 
reaction of the silanol in the 2nd silicon oxide 72 is 
performed nearly completely, and the moisture 
contained in this film is fully emitted, and can 
form a precise film, Moreover, it does not have a 
bad influence on the aluminum film which 
constitutes the 1st wiring layer 40 by setting an 
annealing temperature as 500 degrees C or less. 
[0097] e. Form the 4th silicon oxide 76 of 
1000-lSOOnm of thickness by the plasma CVD 
method at 350-400 degrees C using formation, 
next the 4th TEOS and oxygen of a silicon oxide 76. 
[0098] (G) Next, explain the process shown in 
drawing 3 (B). 

[0099] (Smoothing by CMP) The 3rd silicon oxide 
74 of the above and the 2nd silicon oxide 72 are 
ground and smoothed by predetermined thickness 
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by the CMP method the 4th silicon oxide 76 of the 
above, and if needed. By this data smoothing, 
though a part of 3rd silicon oxide 74 or 2nd silicon 
oxide 72 is exposed to a front face with polish, a 
flat front face can be obtained, therefore 
management of the amount of polishes is easy. 
[01 00] (FT) Next, explain the process shown in 
drawing 4 (A), 

[0101] (Formation of a beer hall) By carrying out 
anisotropic etching of the 2nd layer insulation film 
12 and antireflection film 3G alternatively by the 
reactant ion etcher which made CHF3 and GF4 
the main gas, the beer hall 62 whose aperture is 
0.3 0,5 micrometers is formed. 
[0102] This beer hall 62 constitutes the shape of a 
taper to which aperture becomes small gradually 
toward a pars basilaris ossis occipitalis from the 
upper limit section like the aforementioned 
contact hole 32. Although the angle theta of a 
taper cannot generally be ******( e d) according to 
etching conditions etc , it has five - 15 inclinations, 
for example. 

[0103] (I) Next 3 the process shown in drawing 4 (B) 
is explained. 

[0104] (Degasifying processing) ****** which 
includes a degasifying process first - it****** just 
10105] By the lamp chamber, lamp heating for 30 • 
60 seconds (heat treatment D) is given at the base 
pressure of 1.5x10 * 4 or less Pa, and the 
temperature of 150 250 degrees C. Subsequently, 
degasifying processing is performed by 
introducing argon gas by another chamber by the 
pressure of 1x10*1 to 15x10 to 1 Pa, and 
performing heat treatment for 30 * 120 seconds 
(degasifying process; heat treatment E) at the 
temperature of 300-500 degrees C. 
10106] In this process, the moisture adhering to 
the wafer etc. is removable by mainly 
heat-treating the whole wafer including the rear 
face and the side of a wafer in heat treatment D 
first 

[0107] Furthermore, in heat treatment E f the 
gasification component in the 2nd layer insulation 
film 12 (H, H20) is mainly removable. 
Consequently, generating of the gasification 
component from the 2nd layer insulation film 12 
can be prevented at the time of formation of the 
WETTENGU layer of the following process, and 
an aluminum film. 

[0108] In the gestalt of this operation, since it 
dissolves the gasification component (O, H, H2 O, 
N) of dozens atom %, before a WETTENGU layer, 
for example, Ti film, forms this film, it is very 
effective [ film ] to remove the gasification 
component in the 2nd layer insulation film 12, 
when forming the aluminum film in a beer hall 
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good. If the gasification component in the 2nd [ of 
the low rank of a WETTENGU layer ] layer 
insulation film 12 is not fully removed, the 
gasification component in the 2nd layer insulation 
film 12 will be emitted at the time of formation of a 
WETTENGU layer, and this gas will be 
incorporated in a WETTENGU layer at it. 
Furthermore, in order that this gas may secede 
from a WETTENGU layer at the time of 
membrane formation of an aluminum film and 
may come out to the interface of a WETTENGU 
layer and an aluminum film, it has a bad influence 
on the adhesion of an aluminum film, or a fluidity. 
[0109] (Membrane formation of a WETTENGU 
layer) By the spatter, a titanium film is formed by 
20 70nm thickness as a film which constitutes the 
WETTENGU layer 63. 100 degrees C or less of 
temperature of a spatter are 25 degrees C or less 
more preferably. 

lOUO] (Cooling of the wafer before membrane 
formation of an aluminum film) Before forming an 
aluminum film, 100 degrees C or less of substrate 
temperature are preferably lowered to ordinary 
temperature -50 degree C temperature. This 
cooling process is important in order to lower the 
substrate temperature which rose by the spatter 
of the WETTENGU layer 63, for example, on the 
stage which has a water-cooled function, lays a 
wafer and lowers this wafer temperature to 
predetermined temperature. 

[011 1] Thus, in case the 1st aluminum film is 
formed by cooling a wafer, the 2nd layer insulation 
film 12 and the WE1TENGU layer 63, and 
capacity further emitted from the whole wafer 
surface can be lessened as much as possible. 
Consequently, the influence of gas detrimental to 
the coverage nature and adhesion which stick to 
the interface of the WETTENGU layer 63 and the 
1st aluminum film 64 can be prevented. 
[0112] (Membrane formation of an aluminum film) 
First, it is 30*100 degrees C in temperature more 
preferably, and the aluminum containing 0.2 - 
1.0% of the weight of copper is formed at high 
speed by the spatter by 150-300nm of thickness, 
and 200 degrees C or less of 1st aluminum film 64 
are formed. Then, it heats in substrate 
temperature of 420*460 degrees C within the same 
chamber, the aluminum which contains copper 
similarly is formed by the low speed by the spatter, 
and the 2nd aluminum film 65 of 300 600nm of 
thickness is formed. 

[0113] The thing same as a sputtering system as 
the equipment shown in draw ing 6 can be used. 
About the composition of the aforementioned 
sputtering system, the temperature control of a 
wafer, and the power at the time of a spatter, since 



- 11 - 



it is the same as that of the case of the 1st metal 
wiring layer 30, detailed explanation is omitted. 
[0114] By forming continuously the 1st aluminum 
film 64 and the 2nd aluminum film 65 within the 
same chamber, control of temperature and power 
can be performed strictly and it becomes possible 
to form efficiently the aluminum film which is low 
temperature and was stabilized rather than before. 
[0115) The thickness of the aluminum film G4 of 
the above 1st has desirable 100-300nni, for 
example, althoiigh the proper range is chosen 
from that a continuation layer can be formed and 
this aluminum film 64 by good step coverage in 
consideration of the ability to suppress discharge 
of the gasification component from the lower layer 
WETTKNGU layer 63 and the 2nd layer 
insulation film 12. Moreover, although the 2nd 
aluminum film 65 is determined by the size of a 
beer hall 62, its aspect ratio, etc., in order for an 
aspect ratio to fill a hole 0,5 micrometers or less 
about by three, for example, 300-800nm thickness 
is required for it. 

[01161 (Membrane formation of an a nti reflection 
film) The antireflection film 66 of 30-80nm of 
thickness is formed by depositing TiN by the 
spatter by still more nearly another spatter 
chamber. Then, the deposit which consists of the 
aforementioned WETTENGU layer 63, the 1st 
aluminum film 64, the 2nd aluminum film 65, and 
an antireflection film 66 by the anisotropy dry 
etcher which makes the gas of 012 and BC13 a 
subject is ********** e( j alternatively, and 
patterning of the 2nd metal wiring layer 60 is 
performed. 

[0117] Thus, in the formed metal wiring layer 60, 
it was checked that aluminum is embedded by 
good step coverage, without an aspect ratio 
generating a void in 0.5*3 in the beer hall whose 
aperture is 0.2*0.8 micrometers. 
[0118] Henceforth, it is the 3rd and the 4th like 
the 2nd wiring field L2 if needed. A 
multilayer interconnection field can be formed. 
(0111)] (J) Next, explain the process shown in 
d rawin g 5 . 

[0120] (Formation of the protection insulator layer 
PL) The protection insulator layer PL consists of 
the 1st silicon oxide 80, the 2nd silicon oxide 82 
and the 3rd silicon oxide 84, and a silicon nitride 
86 in order of the silicon oxide of three layers, i.e., 
a lower shell. And these silicon oxides 80, 82, and 
84 are formed by the same method as the 
aforementioned silicon oxides 20, 22, and 24 
except annealing processing. Although mam 
portions are explained below, a publication is 
omitted about a common matter. Moreover, the 
silicon oxide which does not include Lynn is 
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sufficient as the 3rd silicon oxide 84. 
[0121] a. **** of the 1st silicon oxide 80 •- the 1st, 
silicon oxide 80 of 50'500nm of thickness is first 
formed by making a tetrapod ethoxy run (TEOS) 
and oxygen react by the plasmachemistry 
vapor-growth (CVD) method at 300*500 degrees C 
[0122] b. Form the 2.5xl02Pa or less of the 2nd 
silicon oxide 82 preferably formation of the 2nd 
silicon oxide 82, next by making SiH4 and H202 
react by CVD at the temperature of 0- 1 0 degrees C 
by using nitrogen gas as a carrier more preferably 
under reduced pressure of 0.3x102 to 2.0xl02Pa. 
The 2nd silicon oxide 82 is formed by the thickness 
which has larger thickness than the level 
difference of the 1st lower layer silicon oxide 80 at 
least, that is, fully covers this level difference like 
the 2nd silicon oxide 22 of the above. Moreover 
the upper limit of the thickness of the 2nd silicon 
oxide 82 is set as the grade which a crack does not 
produce in this film. Specifically, m order to obtain 
better flat nature, as for the thickness of the 2nd 
silicon oxide 82, it is desirable that it is thicker 
than a lower layer level difference, and it is 
preferably set as 500* lOOOnm. 
[0123] 0-20 degrees C of membrane formation 
temperature of the 2nd silicon oxide 82 are more 
preferably set as 0- 10 degrees C. 
[0124] The 2nd silicon oxide 82 formed at this 
process has a high fluidity, and is excellent in a 
flattening property, 

10125) c. The 3rd silicon oxide 84 is formed by 
making it react to the bottom of existence of 
formation of the 3rd silicon oxide 84 next SiH4, 
and N20 by the plasma CVD method at the 
temperature of 300-450 degrees C at 200-600kHz 
high frequency. 

[0126] Moreover, the 3rd silicon oxide 84 needs 
that desorption of gasification components, such 
as water contained in the 2nd silicon oxide 82 of 
the above like the 3rd silicon oxide 24 of the above 
by the annealing processing performed behind, is 
easy, and to be porous (porosity) in consideration 
of fully being carried out. For that purpose, 
temperature is desirable and, as for the 3rd silicon 
oxide 84, it is desirable for 450 degrees C or less to 
be the PSG film with which membranes are more 
preferably formed by 300*400 degrees C 1MHz or 
less by the 200 600kHz RF plasma CVD method 
more preferably, and impurities, such as Lynn, are 
contained by introduction of PH3 gas etc. By 
containing such an impurity in the 3rd silicon 
oxide 84, the 3rd silicon oxide 84 will be in a more 
nearly porous state, and can ease the stress to a 
film. The concentration of such an impurity is set 
up in consideration of points, such as stress-proof 
nature and the gettering effect. For example, 



-12- 



when an impurity is Lynn, it is desirable to be 
contained at 1 - 6% of the weight of a rate, 
[0127] Moreover, in plasma CVD, desorption of the 
hydrogen bond in the 2nd silicon oxide 82 is 
promoted by using N20 as a compound containing 
oxygen. Consequently, gasification components, 
such as moisture contained in the 2nd silicon 
oxide 82, can be removed more certainly. 
f0128l lOOnm or more of thickness of this 3rd 
silicon oxide 84 is more preferably set as 
200-600nm. 

[0129] d. Perform annealing processing at 
annealing processing, next the temperature of 
350 500 degrees C. By this annealing processing, 
the 2nd silicon oxide 82 of the above and the 3rd 
silicon oxide 84 turn precisely, and have good 
insulation and good water resistance. That is, by 
setting an annealing temperature as 350 degrees 
C or more, the condensation polymerization 
reaction of the silanol in the 2nd silicon oxide 82 is 
performed nearly completely and the moisture 
contained in this film is fully emitted, and can 
form a precise film. Moreover, it does not have a 
bad influence on the aluminum film which 
constitutes the 2nd wiring layer 60 by setting an 
annealing temperature as 500 degrees C or less. 
[0130] e. Form the silicon nitride 86 of the best 
layer by making SiII4 and NHS react by the 
plasma CVD method at the temperature of 
300-450 degrees C by using formation, next the 
nitrogen gas of the silicon nitride 86 as a carrier. 
This silicon nitride 86 has 300~1500nm thickness 
in consideration of sufficient passivation function. 
[0131] Then, the aforementioned protection 
insulator layer PL is alternatively ********** e d 
on a mask by dry etching or wet etching in the 
photoresist which is not illustrated, and the hole 
for constituting the bonding putt section for 
external electrode ejection is formed. Moreover, in 
order to accept the need and to ease the stress at 
the time of the resin mould of a semiconductor 
device, you may carry out the laminating of the 
films, such as polyimidc resin, further. 
[0132] In the form of this operation, since 
flattening is highly attained by the 1st silicon 
oxide 80 and the 2nd silicon oxide 82, the silicon 
nitride 86 which has a passivation function can 
constitute the protection insulator layer PL which 
was attached, and the surroundings were often 
evenly formed, and thickness did not produce a 
thin portion or a thin defect locally, and was 
excellent in moisture resistance or resistance to 
contamination. Furthermore, in the 
aforementioned protection insulator layer PL, in 
the 2nd metal wiring layer 60, since the film of a 
silicon oxide with a dielectric constant smaller 
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than a silicon nitride exists between the adjoining 
metal wiring layers 60a and 60b, contribution of 
the capacity in a direction (horizontal) parallel to 
the front face of a silicon substrate 11 can be 
performed small. Therefore, electrical properties 
such as a working speed of an element, can be 
raised compared with the structure where a 
silicon nitride with a high dielectric constant 
exists between metal wiring layers. 
[0133] moreover, the 2nd silicon oxide 82 formed of 
the polycondensation reaction of a silicon 
compound and a hydrogen peroxide and the silicon 
oxides 80 and 84 of the 1st and 3 formed of plasma 
CVD have an etch rate of the same grade, as 
mentioned above * etc -- since it has the almost 
same etching property, the simple wet etching by 
mixed acids, such as HF and NII4F, is applicable 
not to mention dry etching 

[0134] In addition, as a film equivalent to the 2nd 
silicon oxide 82, when for example, an SOG film is 
used, since the etch rate of an SOG film is large, 
side etching progresses, and there is a problem 
which a chipping and a crack tend to generate on 
the film above this SOG film. 

[01351 In the form of this operation, the following 
things can be considered as a reason for having 
the flat nature the protection insulator layer PL 
excelled [ nature ] in the 1st and the 2nd layer 
insulation film II, and 12 row. 
[0136] That is, since the resultant containing a 
silanol formed of the reaction of a silicon 
compound and a hydrogen peroxide has a high 
fluidity, when the irregularity on the front face of 
a wafer forms these films, flattening of the 2nd 
silicon oxide 22, 72, and 82 formed at the process 
shown in drawing 1 (B), drawing 3 (A), and 
drawing 5 is carried out highly 
[0137] Moreover, in the form of this operation, the 
following things can be considered as a reason the 
1st and 2nd aluminum films 64 and 65 were 
embedded by the 1st and the 2nd aluminum film 
34, and 35 rows good in the contact hole 32 and 
the beer hall 62, respectively. 
[0138] (a) By gasifying water and nitrogen which 
are contained in the insulator layers II and 12 
between each class by performing a degasifying 
process, and fully emitting In the 1st subsequent 
aluminum film 34 and 64 and membrane 
formation of the 2nd aluminum 35 and 65, by 
preventing generating of the gas from the layer 
insulation films II and 12, the barrier layer 33, or 
the WETTENGU layer 63 Raised the adhesion of 
the WETTENGU layer 63 and the 1st aluminum 
film 64 to the barrier layer 33, the 1st aluminum 
film 34, and the row, and membrane formation of 
good step coverage was possible for. 
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101391 (b) what the adhesion of the 1st aluminum 
film 34 and 64 was raised for in addition to the 
effect of the aforementioned degasifying process as 
the moisture or nitrogen which are contained in 
the WETTENGU layer 63 in substrate 
temperature at the layer insulation films 11 and 12 
and barrier layer 33 row 200 degrees C or less by 
setting it as low temperature comparatively were 
not made to emit in membrane formation of the 
1st aluminum film 34 and 64 

[0140] (c) Since the 1st aluminum film 34 and 64 
the very thing play further the role which 
suppresses generating of the gas from a lower 
layer when substrate temperature goes up, the 
2nd following aluminum film 35 and 65 can be 
formed at comparatively high temperature, and 
flow diffusion of the 2nd aluminum film can be 
performed good. 

[0141] (Semiconductor device) The semiconductor 
device (refer to drawing 5 ) applied to the form of 
this operation by the above method can be formed. 
This semiconductor device has the 1st wiring field 
LI formed on the silicon substrate 11 which 
contains the MOS device at least, and the 
aforementioned silicon substrate 11. The wiring 
field LI of the above 1st is formed on the 1st 
silicon oxide 20 used as a base layer, the 2nd 
silicon oxide 22 formed of the polycondcnsation 
reaction of a silicon compound and a hydrogen 
peroxide, and the 2nd silicon oxide 22 of the above. 
It is formed on the 3rd silicon oxide 24 containing 
impurities, such as Lynn, and the 3rd silicon oxide 
24 of the above. By CMP Were formed on the 
barrier layer 33 formed in the front face of the 
contact hole 32 formed in the 1st layer insulation 
film 1 1 which consists of the 4th silicon oxide 26 by 
which flattening was carried out, and the 
aforementioned layer insulation film II, the 
aforementioned layer insulation film Il r and the 
aforementioned contact hole 32, and the 
aforementioned barrier layer 33. It has the 
aluminum films 34 and 35 which consist of an 
alloy which makes aluminum or aluminum a 
principal component. And the aforementioned 
aluminum film 34 is connected to the titanium 
silicide layer 19 through the barrier layer 33. 
[0142] The 2nd wiring field L2 formed on the 
wiring field LI of the above 1st It is formed on the 
1st silicon oxide 70 used as a base layer, the 2nd 
silicon oxide 72 formed of the polycondensation 
reaction of a silicon compound and a hydrogen 
peroxide, and the 2nd silicon oxide 72 of the above. 
It is formed on the 3rd silicon oxide 74 containing 
impurities, such as Lynn, and the 3rd silicon oxide 
74 of the above. By CMP Were formed on the 
WETTENGU layer 63 formed in the front face of 
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the beer hall 62 formed in the 2nd layer insulation 
film 12 which consists of the 4th silicon oxide 76 by 
which flattening was carried out, and the 
aforementioned layer insulation film 12, the 
aforementioned layer insulation film 12, and the 
aforementioned beer hall 62, and the 
aforementioned WETTENGU layer 63. It has the 
aluminum films 64 and 65 which consist of an 
alloy which makes aluminum or aluminum a 
principal component. 

[0143] The protection insulator layer PL formed 
on the wiring field L2 of the above 2nd is formed 
the 1st silicon oxide 80 used as a base layer, the 
2nd silicon oxide 82 formed of the 
polycondensation reaction of a silicon compound 
and a hydrogen peroxide, and on this 2nd silicon 
oxide 82, and has the 3rd silicon oxide 84 
containing impurities, such as Lynn, and the 
silicon nitride 86 formed on this 3rd silicon oxide 
84. 

[01441 As mentioned above, according to the form 
of this operation, the layer insulation films II and 
12 and the protection insulator layer PL which 
have very good Hat nature can be formed by 
forming the silicon oxide containing ****** of a 
silanol obtained according to the gaseous phase 
reaction of a silicon compound and a hydrogen 
peroxide. 

[0145] And since the 1st layer insulation film II 
can be formed at remarkable low temperature 
compared with the conventional BPSC film, it can 
improve a property in respect of a punch through, 
junction leak, etc., therefore can attain 
detailedizing of an element, and reliable contact 
structure, and its manufacture process top is also 
advantageous. 

[01461 Moreover, since it has flat nature with the 
advanced layer insulation films II and 12, a 
process margin including processing of a wiring 
layer etc. can be made to be able to increase, and 
quality and the yield can be raised. 
[01471 Furthermore, it not only can form the 
silicon nitride 86 which has a high passivation 
function, but in the protection insulator layer PL, 
from having the 2nd silicon oxide 82 which was 
excellent in flat nature, there arc few defects at 
uniform thickness and reduction of a mutual 
capacity of the metal wiring layer of the same 
layer can attain improvement in an electrical 
property. 

[0148] Moreover, in the form of this operation, by 
forming an aluminum film continuously [ it is still 
more desirable and ] within the same chamber 
including a degasifying process and a cooling 
process at least before the spatter of an aluminum 
film, it became possible to embed the contact hole 
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and beer hall to about 0.2 micrometers only by 
aluminum or the aluminium alloy, and 
improvement was able to be aimed at in respect of 
reliability and the yield. Moreover, there are also 
no copper segregation and unusual growth of 
crystal grain in the aluminum film which 
constitutes the contact section, and the good thing 
was checked also in respect of reliability including 
migration etc. 

[0149] (others •■ form of operation) this invention 
is not limited to the form of the above-mentioned 
implementation, but can replace the part with the 
following mcanses 

[0150] (a) In the form of the aforementioned 
implementation, although the dinitrogen oxide 
was used as a compound containing oxygen at the 
time of membrane formation by the plasma CVD 
of the 3rd silicon oxide 24, 74, and 84 instead, 
ozone can also be used. And before forming the 3rd 
silicon oxide 24, 74, and 84, it is desirable to 
expose a wafer to ozone atmosphere. 
[0151] For example, Wafer Wis laid and it is made 
to move at the rate of predetermined using the 

belt furnace shown in drawing 8 onto the 

conveyance belt 80 heated by 400- 500 degrees C at 
the heater 82. At this time, ozone is supplied from 
1st gas head 86a, and the aforementioned wafer W 
is passed for the inside of 2 - 8% of the weight of 
ozone atmosphere over the time for 5 minutes or 
more. Subsequently ozone, TEOS, and TMP 
(P(OCH3) 3) are mostly supplied by the ordinary 
pressure from the 2nd and 3rd gas heads 86b and 
86c, and the PSG films (the 3rd silicon oxide) 24, 
74, and 84 whose concentration of Lynn is 3 ■ 6 % 
of the weight are formed by 100-600nm of 
thickness. In addition, in drawing 8 , a sign 84 
shows covering. 

[0152] Thus, by using ozone instead of a 
dinitrogen oxide, the silicon oxide by TEOS can be 
formed by the ordinary pressure CVD. Moreover, 
membranes can be continuously formed efficiently 
by using a belt furnace. 

[0153] By exposing Wafer W into ozone 
atmosphere, moreover, by the thermal -desorption 
spectrum (TDS) and the infrared spectroscopy 
(FTIR) The 2nd silicon oxide 22, 72, and 82 has 
enough little hygroscopicity and moisture, It was 
checked that the flat nature of the layer insulation 
films 1] and 12 is good like the case where a 
dinitrogen oxide is used as reactant gas, that the 
property of an MOS transistor is good, and that a 
crack does not occur in the 2nd silicon oxide 22, 72, 
and 82. 

[0154] (b) With the form of the aforementioned 
implementation, although the silicon oxide using 
TEOS by plasma CVD was used as the 1st silicon 
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oxide 20, you may use a silicon oxide besides 
instead of for this. For example, the film formed by 
the reduced pressure heat CVD using the mono 
silane and the dinitrogen oxide as such 1st silicon 
oxide is sufficient. Membranes are faithfully 
formed to the shape of surface type of a lower 
layer silicon substrate, and not only coverage 
nature is good, but since this silicon oxide is 
precise, even if a passivation function is high and 
carries out the temperature up of it rapidly in 
annealing processing further, a crack cannot 
generate it easily in the 2nd silicon oxide 22. 
Moreover, in order to use heat CVD, there is an 
advantage without a plasma damage. 
[0155] However, since it is necessary to set wafer 
temperature as about 750-800 degrees C in case 
membranes are formed by this method, it cannot 
be used on the film which is easy to oxidize like 
titanium silicide as Salicide structure, but it is 
necessary to use tungsten silicide or molybdenum 
silicide. 

[0156] (c) With the form of the aforementioned 
implementation, although the 1st layer insulation 
film II consists of silicon oxides of four layers, it 
may add not only this but other silicon oxides. For 
example, you may form the PSG film 
(concentration I of Lynn ]; 1 - 6 % of the weight) of 
100*300nm of thickness formed by the plasma 
CVD method between the 1st silicon oxide 20 and 
the 2nd silicon oxide 22. By putting in this PSG 
film, it was checked that the gettering function of 
a movable ion improves further and the threshold 
property of a transistor and change of the 
quiescent current decrease. 

[0157] (d) With the form of the aforementioned 
implementation, although the protection insulator 
layer PL contains the 3rd silicon oxide 84, it may 
be the composition except this silicon oxide 84. 
[0158] In addition, although the form of the 
above-mentioned implementation described the 
semiconductor device including a two-layer wiring 
field, this invention is applicable to the 
semiconductor device containing various kinds of 
elements, such as not only the semiconductor 
device that can apply also to the semiconductor 
device which, of course, includes the wiring field of 
three or more layers, and contains the N channel 
type MOS device but a P channel type or a CMOS 
type element. Furthermore, with the form of the 
above mentioned implementation, although 
flattening of the 4th silicon oxide 26 and 76 of the 
layer insulation films II and 12 was carried out by 
CMP, since it has the flat nature excellent in the 
2nd silicon oxide 22 and 72, it is not necessary to 
necessarily establish this process. 
DESCRIPTION OF DRAWINGS 
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[Brief Description of the Drawings] 

[ Drawing ll (A), (B), and (C) are the cross sections 

showing typically an example of the manufacture 

method of the semiconductor device of this 

invention in order of a process. 

[D rawing 2l (A) And (B) is the cross section 

showing typically an example of the manufacture 

method of the semiconductor device performed 

following the process shown in dr awing 1 in order 

of a process, 

[Dra wing 3] (A) And (B) is the cross section 
showing typically an example of the manufacture 
method of the semiconductor device performed 
following the process shown in drawing 2 in order 
of a process. 

[Drawing 4l (A) And (B) is the cross section 
showing typically an example of the manufacture 
method of the semiconductor device performed 
following the process shown in drawing 3 in order 
of a process. 

[Drawing 51 It is the cross section showing an 
example in the manufacture method of the 
semiconductor device performed about the process 
shown in drawing 4 typically. 
[Drawing 6l It is drawing showing typically an 
example of the sputtering system used for the 
gestalt of operation concerning this invention. 
[Drawing 7] It is drawing showing the relation of 
the time and substrate temperature when 
controlling substrate temperature using the 
sputtering system shown in drawing 5 . 
[Drawing 81 It is drawing showing typically the 
belt furnace used for manufacture of a 
semiconductor device. 
[Description of Notations] 

11 Silicon Substrate 

12 Field Insulator Layer 

13 Gate Oxide Film 

14 Gate Electrode 

15 Low Concentration Impurity Layer 

16 High Concentration Impurity Layer 

17 Side -Attachment- Wall Spacer 

18 Silicon Oxide 

19 Titanium Silicide Layer 

20 1st; Silicon Oxide 
22 2nd Silicon Oxide 
24 3rd Silicon Oxide 
26 4th Silicon Oxide 

32 Contact Hole 

33 Barrier Layer 

34 1st Aluminum Film 

35 2nd Aluminum Film 

62 Beer Hall 

63 WETTENGU Layer 

64 1st Aluminum Film 



65 2nd Aluminum Film 

70 1st Silicon Oxide 

72 2nd Silicon Oxide 

74 3rd Silicon Oxide 

76 4th Silicon Oxide 

80 1st Silicon Oxide 

82 2nd Silicon Oxide 

84 3rd Silicon Oxide 

86 Silicon Nitride 

II, 12 Layer insulation film 

PL Protection insulator layer 

Ll, L2 Wiring field 



- 16- 



(i9) a*m&m up) 



(12) & ffi *ft & $g (A) 



#^11-145134 

(43)^080 ^11^(1999) 5 £28B 



H0 1L 21/318 
21/316 
21/788 



F I 

H01L 21/318 
21/316 
21/90 



*2Sf* W**ff)Scl2 FD (± 17 M) 



warn** 


1WF9-31S975 


(71)£tf«A 


000002369 










(22) din b 


Wfc 9^(1997) 11/! 5 0 










(72)«^# 










jyWMtlWA*J3r@3#5^ 














(72)»^# 


M MA 






















(74)ft#A 





(54) c«^^] *mfr&n*&T}*<r>w&>& 



(57) 

MS 8 6. ££fr„ 



86 84 82 80 . 




(2) 



aHSIW 11-14 5 13 4 



1 



V>X, 20 

aasi3R2<o->y ^^mtmn, mmnm^mi muv =» 

WX , 

mtc > y = vfgftjui* j, joiifc^i 300-1 50 onm x 

f% (a) - (d) ^r^tf^^R^Wit^ 

(b) yy 3Wfc^«J^jS«EffcA*^*^«*B^*^ 

a, 

(c) 3 5 0-5 0 ox:<ni&j$-?T ;H&3ffi£fT?x 40 

(d) ^y 3>»kffll«r^-r4xs 0 

to 77 & n 

S ] b * £ Officii 7 1:^1 ^C, 



S 1 H 2 C I 2 x F 4 . CH3S i H 
> % 7 h 7 ^ h ^ •> y 7 ^' i ■> 7 y lt^^ 0 

^X, 

ffriexa (b) ti, M£->y n yit^l»'/7y{k 
^■eijoT, 0-2 ov<n&m&i*Tx&frJt^&& 

#nx, 

HiJsaxM (b) ft. sfrie->y 3v^ftAs*tti*>^^fii 
^x&ox. 100-15 o^coMi&f* KT-aSEir.fb 

tc*^x, 

tfJiaxm (a) 11, 3 0 0- 5 0 0 e C<^ TXT* 
9 X-^ {t^ftfc&m \z X o X fr ^rv 6 * IB 

wsBxig (a) tffl^en^yu a ^jt^mt^m^y 

[0 0 0 1 ] 
[0 0 0 2] 

1'6 t ) cot J fflv^^b^^XV^^ )Q "<nj: 5fc«Jlfll3i£*r^ 

-Kft-SsS^IRffl/filtcS^X^filt^Kfcvy ^vfift^t 
01, *>Sv^rtr.Htiy x^r K-^LfrP SG (W^7 
^) *>6VMi, SOG (xt'v ^'7^) iK 

(0 0 0 3) z<ni*&&mmtt, 7t^^^^ 

yMILX K-^J-yf^^i^li^x y y-/*y^ 
^ */ > K y h $r m nfe + 6 fc ^ cf; BR U -Hi Sr -ft' L X i v 6 ., 



3 

[0 0 0 4] £ZZX\ ^m^mtfif-^t^a^r 

10 0 0 5] ^/M*(DtW&^ft±£-£5 

'.ca«4rtte>oT^^o L^U Ei»*^-*<Afti»Hb 
SMM* (Oft a^^tWE^IBj— *lc*Sit6^:a 

[0 0 0 61 
(0 0 0 7] 

irMtaiftll M<HWIM (a) - 
(d) &-gt*. 

[0 0 0 8] (a) U V t, 

c b > -> y =» b mmtfom t 

(- J: o TMtf ;* -trc j& 2 <o y = >»Yl;JRSr^fij£-r 6 X 
£L <c) 3 5 0-5 0 0^<75ffl&T-7 = -vM&&£fT 

(d) ^vmrt^^^rr^x^ 

10 0 0 9} CW^*^36|BcO«ii^(wJ:tttf, X*£ 

(b) tcj:ox, =iwfc^tia»ft*3dt^k^ 
scffijffiSitfeiw x o tjkjp ^ -e-c 3B 2 <o -> y a >sfcfbJB$* 

sct^-c^a, z<nrM (b) vB&zti 



(3) 4*B8 I 1 - 1 4 5 1 3 4 

4 

[0 0 10] #Jx_|;f. ->y ^Wt^i UX^/ >y >- 
*fflv^fc»^icfi, Tte^C U) . (1) ' #£:'T*^£ 

I 0 0 1 1 ] 5*C ( 1 ) 

SiH 4 +2H 2 O i3 - Si (OH) 4 +2H 2 
10 £C (1) ' 

Sin 4 t-3n 2 0 2 - Si (OH) 4 + 2 h 2 o + h 2 
f Lt, 5£ (I) . (1) ' T«?n7ty7/-^ 

*x TRja: (2) r*^$iism»^ixJ©T*^JKjii-5 

[0 0 1 2] 3t (2J 
S i (OH) 4 -» S i 0 2 + 2 H 2 0 

SiH 2 Cl 2 , Si F 4 , CH 3 S i H 3 # 
Iv*?^, $>XX$W?v\?J^"/7>. f>7^ 
20 h * •> -> y ^^T«*> 7 Wt^^t C 

[0 0 13] ftf^XIM. (b) ^«iait ff/SE 

2 ox;coM£&frT-e, tfiisvy ^wt^?) 5 ^-^ 

rd^ (2) <nmm&s.jiw&fri-g&z.kiz.x i 
y >/<-ftxcDftMMftw&%te£V^^^/<~ftX'<n 
[0014] fiasex« (b) x^/^n^S^cov-y ^ 
mm-tim \<ouy ^^mtmzx^xmf&z^z>w& 

<Dm±.m i fc&£ti%cOlZ^frfj;m&X>Bf&£i%Z>Z b 

hzbfrh% v 

[0 0 15] *«WiC*5l^Tt4. fWtSX^ (b) 

->/jr< i t xmb£4t^ftr&&m^X^XfxfcZ& 
X. ^--^JS 1-^*6^ i tD>y 3 v-K^bBS^^BE-^S. 



5 

[ooieuasig (b) (oai;, ->y=avjk^, 

V =>>&<\M$:BtfL'rZXm (e) ££tf r fca*S* L 

[t> o i 7] r^»3<7>->y ^ >mtm*. 

(c) c7)T--^&2iK.jo^-t v $2^->y ^ v&fbflg 

xSrSSJEffl-f $ ' * K 4: 9 ■> y 3 vBWfcite 

(OS i -0$HHHf£^£55fc6wfc-C* ©Bi^jcsyj* 

< v^i£*$/#-c£6 0 |fi3^->y n>fiHkJBItc^*ixS 

[00 181 I3tf)i/j/=»^fc«[tt, 10 0- 

6 0 OMP atDHi7; h U^^^LTV^tft, &2<D 

[0 0 1 9 I SftffiX© (e) li N 3 0 0-4 5 OtOi 

# * # t r- - / Pfc-ei* tt ^-r < # 9 . v*/ m 
[oo2o] sftiaxis. (e) t-iiii^ns, 

[0 0 2 1 ] Stlfexm (e) tt, T'^X^ftfftffl/iEfi 

aswfw^c:. 3 00-5 o o*c^ffifle*ft=T"c*©b 
x& (c) T*m^bh,zmtz&%£ttrit&m$*y>' 

[ 0 0 2 21 3*1::, fll^rdX® (e) T\ m&%2<0\/ 

y 3>awkBB£/smr affile 3fj3e5B2«o>'y => 

t^v!i3^W^>K (-HJ ^#41 (- 



U) M¥l 1-14 5 13 4 

6 

(oo24i rtftsaxs (c) t% 350-50 ot^fi 
£o< (e) -r^rft$nfc»2^i:o«iB3co->y =r vstft 

10 (0 0 2 5] l2^yi/^^«i:oPT^ 

(a) i^6I^)x^^tu ;Wti:^oTi 
lo&ttjiSix, m2<n^v ^>mtmt.. xittit 

[0026] :w7i-/^n;^pt, 3 5 0 

[0 0 2 7] £fc % W,2<*>*sV x^WyM.t.lZ£4Lft(0 
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h 4 oh H 2 o 2 f;^AM4 , i;arf i , F#S£f- 
1-7^ KStt-t ■yf L >'^A5iiT^y 

K % 7 5 0- 8 5 0tW7>/7r:-;U^tTot, $m 
'SV K^^fv-yf-f Rt^^T, fttft/S^F 
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ftffi2 2 x ^3^->y 3V«t-ftJR2 4*£T/SfUtO*>y 
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^<o«<h#flimii $ 6 $ ix -6 r X 

t s 
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2 «Ote/?«0_l:j5fill tflffiff t;^ 7 ^ jftS*. U-^V^-Kl- 
BfcfcSix*. ft&tfjlifl & 2 <n -> y = yftfeffclt* 2 2 0? 

[0 0 4 6] ^2<ovy 3^swkBi2 2</>isWfi/**i 
l< 1*0-2 ox;, x f?#* L<cio-i o^tc^r 

[0 0 4 7] H 2 O 2 «0Jtft«4*(cWIlfi$ix/j?^ 
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Tf?^i-^ffiyj, 150-2 5 0t£OfflJST'30-6 0 

^m^y^ynm (uma) &afrt\ &i^t\ 55 ! Jco^ 
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XO, *&j$3 0-8 0 nm<nK*tm±1&(> GA^fiStSK 
5. -eo« s C i 2 ^BC ] $<0#X 

[0 117] -<r>£?\zLxBf&ztitz±mmm6 o 

Cfl, TTs^f hfcfcdiO. 5-3T\ Pf^O. 2 — 
t ft -5 r i: # ft IS $ ft fc„ 

[oils] r/ii, e^'t^uix, 3Sijwid*feaaiSEL 2 
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kfcX$Z> 0 

[01 1 9 ] (J) jfcic. 

[0 12 0] ((*»|ft»]RPL(75^) PL 
fl, 3Jiovy ^xHMfcHI. oil T^^MSi-x 1 
«v-y =i>SMfcJK8 o, fB2w->y ai'K-ffcJBSfl 2*; J: 
0«^3cOvy =»>SHfcl8i8 4 k, '>y^>Iltl8 6i 

10 8 0, 8 2.fciO<8 4H. 7r--;^i^(i x AffSEv 
y=a>KHtJK2 0, 2 2*5^.t/2 4 iRI*R/x^ri!feXT*Mt 

}&8 4(1, V ^^^^/^^v!) vgMfcB£T**> «tv\ 
[0 12 1] a. SRI <D*>y ^>®HM8 OWgfifc 

Th^h^^V (TEOS) £ ®E3f? £ £ 3 0 
O-SOOtt'T'yXv^^ (CVD) i&X-&. 
fcZtZZklZX V v iJ¥5 0-5 0 0 nm^lW 4 > 
y =»>IMfcJBt8 OjWf£fift$ft*„ 
20 [0122] b. K52W->1!3 >-&{fcf& 8 2 cOJ&gfc 

»£L<(12. 5xi0 2 PaWf, <f:v#£L 
<H0. 3X10 2 - 2. 0 x l 0 2 P a <oM£TK^\^ 

x. &m#x&*r V r k ux, s i h 4 ^Jzc/h 2 o 2 

£0- 1 OtMflT'CVD&CJ; £ K 

J: 9, I2^y^y«8 2^t6 0 #2<Ov 

y^^^bJ^8 2H. iWffigsa^v'y a^stfkMia 2 t 
r^f^, '><c<tt), ts^ir i <^*>y >^«^fcjw s o 

'<-+<5&&x-i&m£h&. m2<r>*s\) *^mt 

30 j»8 2WaHJ£CD±Pfill. fRBI^IC^^^^^C/j;!,^ 

^t-22:^$ft6, ^^ECfl. ^2<75->y ^>Sefb^8 

^DJlV^t^iK, &£L<HS 0 0-1 0 0 
0 nm(CS9'^^ft^ 0 

[0 12 3] 3B2tOVy a VStffc«|8 2cO^^(tH, 
$^^L<(10-2 0°C, J:<3^L<(10-1 0°C^j9: 

to 124] rcox^T'^^ft^mscovy ^ Vggjk 

40 [0 1 2 5] c. ^3^0^ V =r>flWfc/K8 4 ^JSfe 

^C, S i H4 v N 2 OW^TlC^*V^T. 3 0 0- 
y 4 50fe2 0 0-6 0 0 kHz^W^T'T'yX^ 

>»k^8 4^^^ft6. 

[01 26] £ fc, j(j3W->!/a >®efKM 8 4 (1, flffSi 
»3 0->y -J>J»{fcJBl2 4 tf^I^t^, ^Utt^ft^) /^ 

-^M:SHcj:oTftt|ffi3S2(0«>y =>yWl8 2^U^ 

ft 6 C ir t^fXT, rrN-^^ i^-rtm Xfo&Zktf 
50 £^T'^^,, ^^/r.^l'f-t, ^3£Oyy i>5$«84 
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<fi3 0 0-4 0 0t, ^^KUlMHzWT, £ 9 
U<li2 0 0-6 0 0 kHz ^^JSl^/vXrC V 

* ^co^^sfrine p s G^T*^?a c t l 
w, ^3to>-y ^>mtms 4 ICC W«fc 

£*xSC£:t::.t9, SB3co->y 3>»itW8 4(1, it) 

[0 12 7] r7XvCVD!;^l^, 

<7>#xfb*#£ J: 9 C t ~A*X*$ -6. 

[0 128] CC)^3Wy^yM84*W, 
« £ L < 11 1 0 0 n inJ£Jl±, £ f? * U < fl 2 0 0 - 6 
0 0 nml£Si:£$*i6. 

[0 12 9] d. T^-/H&Jg 

2jaj:a<K5 3i75v'y =» >^Sfef bJBI 8 4 Itm&iKZft, Sift 
0 O'Cy.Tt-^^I SC^tci 0. SB 2 WffijftJB 6 0 £ 

WfiE^- 6 r ^ - * ^m\^^%^^^ & c £ # # i \ 

[0 13 0] e. >V =»>i£{bK8 6<r>j&f$. 
fcl^ mm#*$:*r l JTkLX* S i H 4 joJtt>'NH 3 
iH3 0 0-4 5 0tt'77X-7CVU^l: £ t9S 

*> 3 V^^^%|gru-C, flflxtf 3 0 0-1 5 0 0 n m<0 
[0131] ^or^ SSMnL/j^T* h VV* 

[oi3 2] &Mm<oj&m^}3^Ttt. m\<oi/)) = > 

mtms 0*JJra s 3B2<^vy =» xfifcffclBI 8 2l;i:otl 
ti~ti>\s y =» >3t-ftllS« « Jltt^fRPj /5£ J: < ^tPj-^fiS 
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2<7>i&JRjK3»JB6 Oi^iib^T, »«H-SfcJM£i»«6 0 

a&iO'e o b coJBMic, Wc'sV 

'h£^sfr-ft;>y =»^^ja^#fe-t5fcae)> ->y = >»s 
Jj-^^^jx ^ < 6, t^ofc^, WOTs^B^vy 

10 [0 13 3] ->y 3^t^«Ji:aa»ffc:^*i:«0S 

iN8^K^twJ:oT^$4x**2<7)->y ^vgHLflgS 2 

■>y a V«{tBl8 0*3J:U«8 411, ftfl^UfciytC, =. 
i , #jx H F t N H 4 F *£ ¥ <D m.mz. X 6 ^7 

[o i 3 4] ^2co>y =*>mittes 2i*fii i £-r 

6iUT, /ti^iisoGMI^fflv^rc*^(cil, so 
[0 13 5] #&lfew#!teic*si^ fBl*>iU ! SR2W 
[0 13 6] -T/.C^^, 0 1 (B) , 0 3 (A) Jaioe 

b¥j s ic^-r iiTK $h.6J52o^yn ^Kifcjyi 2 

2, 7 2*5<fcU<8 2H. v y =t t mMitMM t 

[0137] */c % *^IJ60^IBtCJb'V^-C, h 

*-ywa 2 jajrusk'r^-yue 2tc, K5i Jo«to c IB2w 
r/v-;-^ix^34, 3 5/jr(bc/tc^Bi^iu:m2cor 

[01 38] ( a ) NLtfX XHZff 9 C <t i' J: 9 , 
IBJtel*B$I 1 x I 2tcg-*ti6A^K?*^^^KUr^ 
40 7>tr^cUJ-r^c irtzJ: t) % -to^c^iSf Kor/u^^^-^ 

i3 4, 6 4#£U s $2«r^ -£A3 5, 6 5^ 
^«'>x 6 3rt^(0Xr7;O|g^^I^ih-r^C 

<l--c, /<!i7i33i^Kor/^;r-r7i,ji34, /jre> 

CO * m rSf * , ft » ^ 7^ y ^ ^ U 3/ CO fife JW ^ i ,7 

[0 13 9] (b) IH)7^^ '-')iv^3 4, 6 4 0 
fifcJH$U*-;^-C\ StKffi/ft^2 0 orUyc/;irh^l^!L^fi(l 
50 gS^^CilcHy. iSRH^m^l 1, I 2*SJ;t>^<y 
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[0140J (c) Ml 
y^;-^^3 5, 6 5©j*IDI^it«E6<JiS5^ffla["C-tf ^ 

frvct^-c^sr i 0 to 
[oi4i] (**u*mm) a±o^?£i'^or, 
ite<a^teK#. ms&m ^ffc-r set 

Ibl2 0, v y = t iftBMbk* t <DW&&EU& 

2(^->y 3>scftJ«2 2^±^jgfiJt$n» y wx^co^ 
si*%&^*rt*$S 3 =*>-afcfl:&2 4, *><tt>Wti 20 
^3c?>vy a>«HUR2 4^o_hinJKfiJc^tt. CMPCJ; 
t> £ ft fcfc 4 (O V y = ^BftfcJK 26^^/^151 

h^-/u3 2, iKrrdJim)l6lftlR I l&^U^/lG^ 
>-*^ htf-vun 2wieBfftr:^Sftfc^y TIB3 3, 
**J:tfime'<y r,®3 3o±icffM£ft£, ta^ ^ 

/K-'-^^3 4, 3 5. $rtt6, ttt, fififiir/w 

>r k*i auttMfcSft-c^s. 30 

[0 14 2] flfliafB 1 ^R|ftW« L 1 JLW&*3ftfcS8 

tens 70, >-it&fy t mmit&3& t <o&h&&bli& 

2co>y n>^jt:^7 2co±tx^$ft, yw^o^ 
#*£***-*>!8 3<oxy ^ygfihi7 4, fcjit/Jflraa 
#3<0v-y ^ >«HbJR7 4tf>±t:ifl£fi&£ft, CMPidJ; 

o^ifl{k$ftfc»4*ov'y 3^K<t:)Bt7 e^/^^a 

2<DfeflD(C^$ftfc^a:3/7 t >^Jl6 3, jfcUtf 

&mmp Lit. -^JSt^ilKi tn->y =1 vfiftjtJK 
ao, >y =1 vft^*i:5ai»jb3k*fc^fiS8^s^uJ; 

^Ti^/&3ftfc$S2cov'y ^ymtmx 2. r.(0?B2(n 

r7 £-t 6 3Ps 3 to -> y 3 >$eim 8 4 , i-j 1 v r. <n% 3 co so 



[0 14 4] U±(DXl\z^ frnMv)Bfe\Z.£zitf, •> 

I 1, [ 2*;J:at«?Ii(ftjajffiP LSr/gfifi-rs r. £j4»""T# 

[01451 ^u, #i<njfffl*ft*WKi n*. 

BPS G&irJt^-c^/j: 0 MT^It6c ^T*£ 6 

[0 1 4 6 J JSffitelftJli I 1. I 2^K£*-?-tI 

[0 14 7] $e>tc % »gM&&B!P LT-Ci, ¥*!U4?>« 
ftfcSS2co->y 3^ifefb!IK8 2&Wti;td^, 

loi 4 8j *Mfc<nMi&izte\,*xn. tj\s* -- 
[ 0 1 '4 9 ] m<D^cojrm) &&y\it±ML%m<r>& 

[0 15 0] (a) (WSaXAfieO^UJcJ^Trt, ^ 3 CO 
■> y n 2 4 , 7 4^i:r58 4c^7 , 7XvcVD 
tdj:5)fiK)»B*lc. «*Sr^tr^«J-t Lr--*-[k"3E3l 

6 C -e LT S ^3C0->y zO-mtl&Z 4, 7 4, 8 4 ^- 

[0 1 5 1] MKi*. ms^i ^/^ t- 

^ — 8 2i:j;oX4 0 0-5 0 0T,i:J)D^^«^^ 
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O*^3c0^^— y K8 6 b, 8 6 c tS^j^"/^, TEO 
S&Jzt/TMP CP (OCH 3 ) 3) fciJtfflttE-eifc^ 

->>&HUl£) 2 4, 7 4, 8 4^ W 1 0 0-6 0 0 

(0 15 2) c<7>£ »^-'«^<ofth?i9 ici^-yv 

^ffl^6;tl:J:^ «JEEC VDt:J:o-CTEOS^J: 

[0 15 3] >i-/V#ffl^C^^^W^$6t 
rticj:?), ftB&tt;*'^ h/W (TDS) *JJ:V##.$* 

7 2. 8 2IC?7y^jD s «£L#l*::<!:j« 20 

[0 154] (b) tflgE^ffiWflgffi-m, micOVVa 
>W2 0HX, '/7X-7CVDiIJ;6TEOS$: 

^m\z^x^m\^m. ur t># 2 y 3 ^awtus 

[0 15 5] fc/:L, ZcO^ffiTfifeJK-rSIS^Ii, 
^iflJKfc 7 5 0-8 0 0X&m^Wtl&1 Z'&mftbZt?. 

[0 15 6] (c) ifflie'J£t£<a^©X-tt, KSKnliWIfe 40 

fkfltfa 2 borate, ^Xvc vD?£tr j: 

J&JSTl 0 0-3 0 0 nm^PSGi (y ^cO&Jg ; 
l-6ift%) ^r^fifeLXt) ;wpsgK«:AIl 

f "1 .hit, h;>y^ ? ^LJt ^iS^il^i X UWit TOE 

[0 15 7] (d) Bit1E'jfeJai<75H$ffe-C«, l*.*fi*fe.$*lft?P 50 
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>SHbJR8 4£fifc<«fifc-C*>oXt>J:v\, 
[0158] <C*5, ±IE3lJ6<7)JI$fig-Crt. 2M<v&mm 

(*, ±1SHJte^l*-Ctt, JiffltelMtl 1, I 2 cO$£ 4 
cO->y 3VfiWfclK2 6, 7 6^CMPia9tT«l 
fciO^ #2(0^y =>HMfcJ!£2 2. 7 2 ^1tltTOt!t 

[0 15 9] 

[Eli] (a) , (b) *jjlc/ (o a, *&w<r>*m 

t®2] (A) iJcttP (D) tt, f£d 1 ir^-f Xfti'-iTe^ 
([U3] (A) te£Z? (B) ft, El2(^-rxfe^^ 
[&]4] (A) *3J:0« (B) tt, @3l^;tlfti:»i^ 

[is J 04 id^xftu-j^rtT^ne^^igff^ 
[0 7 1 msiw^^^s/^siitt^ffl^xswajs:*:* 1 ] 

[38] ^#j*Klfi£0»llgUffl^en'5^ h*R&** 
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